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E-mail: jesusrb@us.esIntroductionThe challenges to infection control (IC) in the 21st century are
huge. The evolution towards benchmarking, lack of reim-
bursement for speciﬁc healthcare-associated infections (HAIs)
and the increasing pressure for public reporting of surveillance
data [1] are completely changing the public relevance of IC
activities. Additionally, it is now clear that simplistic approaches
are not effective against some present complex problems, such
as antimicrobial resistance [2]. Finally, innovative methods
applying concepts from other areas of quality control and
behavioural sciences are proving to be effective in achieving
sustainable improvements in adherence to adequate practices
[3]. Curiously, in the above context and the era of patient safety
and quality control in healthcare, managers and administrators
too frequently avoid dedicating enough resources to IC pro-
grammes; the situation may have worsened in some countriesMicrobiol Infect 2015; 21: 1072–1076
nical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2015.08.025during the present economic crisis [4]. Beyond their impact in
terms of morbidity and mortality, the HAI-associated costs are
enormous [5]; although more research in this ﬁeld is needed
and welcome, there is little doubt that investment in prevention
is cost-effective [6]. However, the methodologies and re-
sources dedicated to IC in different centres, healthcare systems
and countries are heterogeneous (Hansen et al. ID Week, 2012,
Abstract 37186; Martin et al. 21st ECCMID, 2011, Abstract
P1313). Although cultural, social, professional and economic
differences across countries in Europe are obviously important,
there should be an agreement about the minimum re-
quirements for achieving adequate results in IC. This is one of
the many aims and tasks of the European Committee of
Infection Control from the European Society of Clinical
Microbiology and Infectious Diseases. We will brieﬂy review
the recommendations regarding minimum requirements for IC
in healthcare centres according to present needs (Table 1).Organizational aspects and IC staffMultidisciplinary infection control committees are apparently
common in Europe; 91% of participating centres in a recentious Diseases. Published by Elsevier Ltd. All rights reserved
TABLE 1. Summary of minimum requirements in infection
control (for details, see the text)
Infection control is considered to be an institutional priority
Multidisciplinary infection control committee
Infection control programme including objectives and indicators, with periodical
evaluations
Multidisciplinary infection control teams, including at least epidemiologists,
infectious disease specialists, microbiologists, and infection control nurses, and
liaisons with other key actors, such as intensive-care or surgical specialties. These
teams must be share members and be closely coordinated with the antimicrobial
stewardship team, of which pharmacists are also key members
One full-time or equivalent infection control nurse per 100 beds in acute-care
centres and per 150–205 beds in long-term-care facilities, according to
complexity
Deﬁnition of competencies for infection control team components, and speciﬁc
accredited training according to those competencies
Access to electronic charts and tools
Appropriate cleaning and disinfection/sterilization services
Appropriate ward stafﬁng levels, and education for ward staff in infection control-
related issues
Appropriate architectonic structure and related aspects (such as enough individual
rooms, clean–dirty circuits where needed, and access to hand hygiene points)
Access to appropriate microbiological support and tools, both for rapid
identiﬁcation and susceptibility testing of pathogens causing infections, and for
molecular typing of isolates whenever needed, in a timely manner
CMI Rodríguez-Baño et al. Minimum requirements in infection control 1073survey had one (Hansen et al. ID Week, 2012, Abstract 37186).
The IC committee is responsible for the design and follow-up of
the IC programme, which should include the objectives and the
indicators to be measured, and evaluated periodically. How-
ever, their existence does not guarantee their functionality or
adequate IC practices.
At the level of healthcare administrators and managers, IC
should be considered, like other activities related to patient
safety, as an institutional priority. Healthcare systems must
include IC-related indicators in their agreements with the
speciﬁc healthcare centres.
It has been well accepted for >30 years that speciﬁc, dedicated
IC staff are needed to reduce infection rates in hospitals [7]. A
recent systematic review showed that an effective IC pro-
gramme in an acute-care hospital must include, as a minimum
standard, at least one full-time speciﬁcally trained IC nurse per up
to 250 beds, a dedicated physician trained in IC, microbiological
support, and data management support [8]. Considering all of the
activities and indicators identiﬁed in the systematic review, this
ﬁgure is clearly obsolete, at least for tertiary and university
hospitals, in which all of the activities cannot be performed with
such resources. It is clear that the teams must be multidisci-
plinary, and include trained nurses and specialists from, at least,
the areas of epidemiology, infectious diseases, and microbiology
[9]. Liaison with leaders from speciﬁc services and wards, such as
intensive-care specialists and surgeons, is also needed. Although
a ratio of one dedicated nurse to 250 beds was appropriate 30
years ago, changes in healthcare systems (with increased
numbers of invasive and specialized ambulatory practices, which
need to be addressed, and the higher severity of admitted pa-
tients) and the increasingly demanding environment make it
necessary to adapt the recommended ratio. The tasks to beClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology anperformed by the IC practitioners are huge, including education
(which is particularly challenging in teaching hospitals), contin-
uous surveillance of HAIs and healthcare-associated organisms,
compliance monitoring (hand hygiene, transmission-related
precautions, isolation, infection-speciﬁc bundles, disinfection
and sterilization procedures, and checklists), coordinating
screening and environmental sampling, preparing reports,
writing and updating protocols, and working on outbreaks.
Therefore, one dedicated nurse per 100 beds in acute-care
centres and one per 150–250 beds in long-term-care facilities
are reasonable requirements [8–12]. Although this requirement
may be difﬁcult to accomplish for many centres, it should be a
goal to achieve in the mid-term.
Computerized systems are important for surveillance of
HAIs, for the investigation of outbreaks, and for interventions
[13]. Again, there are important differences among centres in
the access to electronic charts and tools. This is an area where
consensus about minimum requirements must be addressed.Training and accreditation of IC professionalsAs stated above, the activities to be performed in IC are
numerous, varied, and complex, and need specialized training
and competencies. Professionals working in IC have been
mainly trained as nurses, infectious diseases specialists, hospital
hygienists, hospital epidemiologists, and medical microbiolo-
gists. Training programmes in IC are heterogeneous across
Europe, ranging from non-existent as differentiated pro-
grammes to fully structured ones [14,15]. Initiatives to deﬁne
the core competencies for IC professionals are being developed
in Europe and the USA [14–17]. In Europe, the European
Centre for Disease Prevention and Control started the TRICE
initiative, in which competencies are classiﬁed in four areas, i.e.
programme management, quality improvement, surveillance
and investigation of HAIs, and IC activities [14,16]. A recently
published document of the Society for Healthcare Epidemiology
of America includes different roles (hospital epidemiologist,
subject matter expert, healthcare administrator, outcomes
assessment evaluator and researcher, regulatory and public
health liaison, and and educator/teacher), each one with speciﬁc
competency areas [17]. The expected outcomes of these ini-
tiatives are to harmonize the training programmes for the new
IC professionals across the countries, and to provide a useful
tool for IC teams to understand in which areas their members
should emphasize their training or contemplate incorporating
new members ﬁlling the gaps.
Accreditation of professionals and IC programmes is not
currently a requirement, but the development of speciﬁc
accreditation projects with common requirements andd Infectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1072–1076
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miological situations, is a reasonable objective for the near future.Structural requirementsMost hospitals have important structural problems with regard
to IC issues. Adequate structures (individual rooms and bath-
rooms for patients in all wards, available hand-washing points,
adequate clean–dirty circuits in surgical areas and high-risk
wards, appropriate plumbing and air-conditioned installations
and systems, etc.) should be demanded and considered as re-
quirements for all new constructions, but hospitals must also
continue to develop their activities within their present struc-
tures. The minimum requirements therefore include the local
adaptation of IC protocols according to the structural situation
(e.g. providing appropriate separation between beds in open-
structure rooms, and adequate cohorting when isolation is
not possible), and a prioritized list of structural problems
agreed with the hospital management, so that some these can
be solved by appropriate remodelling. Additionally, it is
important to remember that any remodelling activity should
require the approval of the IC committee.
Appropriate environmental cleaning services and disinfec-
tion/sterilization procedures are key aspects of IC. Neverthe-
less, environmental cleaning is frequently substandard according
to present demands, and speciﬁc recommendations for minimal
requirements in this area are needed.Ward stafﬁngReductions in the numbers of front-line doctors and (especially)
nurses have been associated with an increased risk of trans-
mission and lower adherence to adequate procedures [8].
Therefore, adequate ratios of doctors and nurses must be
achieved within all healthcare centres. Also, the number of pool
nurses should be kept to a minimum [8], particularly in high-risk
units such as intensive-care wards, neonatal units, operating
theatres, and haemodialysis services. Additionally, education
programmes, including the local adaptations of IC protocols and
basic measures, should be regularly provided for all staff, and as
a welcome to new healthcare workers.Microbiological supportWithout adequate support from the microbiological laboratory,
successful IC will always be hampered. Fast and reliable
microbiological results are providing essential informationClinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and Infectabout pathogens causing HAIs, and therefore constitute a basic
requirement for the IC team. Microbiological results are
needed to initiate or adapt the treatment regimen on the basis
of identiﬁcation and susceptibility results of the responsible
pathogen, and also for the typing of isolates to help in deci-
phering transmission and suspected outbreaks. Minimum re-
quirements include appropriate pathogen identiﬁcation
methods and susceptibility testing for clinical and screening
samples, rapid reporting of results to clinicians, real-time re-
view of speciﬁc pathogens and resistance patterns of interest
for IC purposes, the ability to preserve potentially important
isolates, and access to molecular typing methods when needed.
More rapid identiﬁcation of infectious agents offers the
possibility of avoiding unnecessary administration of antibiotics,
and of starting targeted antibiotic therapy earlier in bacterial
infections. This potentially beneﬁts clinical care and prevents
the emergence of antimicrobial resistance by faster optimiza-
tion of antibiotic therapy [18]. Recently, the face of clinical
microbiological laboratories has been changed by new,
advancing technologies allowing faster identiﬁcation and sus-
ceptibility testing. Matrix-assisted laser desorption ionization
time-of-ﬂight mass spectrometry and other rapid methods
allow rapid and reliable pathogen identiﬁcation, and have
signiﬁcantly decreased the time to identiﬁcation of bacteria
[18,19]. Mass spectrometry might also become useful in the
routine detection of bacterial resistance mechanisms in the
future [20]. Additionally, the increasing implementation of total
laboratory automation systems offers the opportunity to opti-
mize workﬂows, reduce costs, and further accelerate micro-
biological diagnostics [21,22]. On the other hand, external or
centralized laboratories may negatively affect the relevance of
microbiological data for IC activities, because of delays in result
reporting and lack of contact with the hospital problems.
Whole genome sequencing (WGS) techniques can now be
routinely used for the detection of resistance and especially for
the typing of organisms [23,24]. WGS can allow the identiﬁ-
cation of unexpected modes of transmission, and can distinguish
between alternative transmission scenarios, which can be crit-
ical for the IC team to control outbreaks. WGS can also be
used to link environmental isolates, and thus to improve our
understanding of how and when contamination occurred. It
may also provide new insights into bacterial population dy-
namics and the evolution of resistance. However, not all issues
regarding the analysis, processing and storage of the huge
amount of data that WGS creates, so-called big data, are yet
solved [25]. Nevertheless, WGS is expected to change
healthcare epidemiology and public health if costs decrease,
data interpretation is automated, and WGS data are sufﬁciently
validated against current methods. Access to this technology
through adequate nets or reference laboratories is desirable. Asious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 1072–1076
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ropean countries, the importance of the availability of more
‘classic’ technologies for epidemiological typing, such as pulsed-
ﬁeld gel electrophoresis, should not be ignored.
In summary, microbiological support is of great importance
for the IC team in many respects. Antibiotic therapy can be
adapted on the basis of susceptibility results, empirical treat-
ments can be deﬁned by analysis of the local epidemiology of
pathogens causing HAIs, IC measures can be better coordi-
nated on the basis of surveillance data and outcome indicators
such as incidence rates or bacteraemia rates, and, ﬁnally,
microbiological support is often crucial to control outbreaks
and to identify transmission dynamics.ConclusionThere is little doubt that the higher the demand for IC success,
the more stringent will be the requirements needed for IC
activities to accomplish the objectives. However, the resources
for IC are heterogeneous in Europe. A professional-based
consensus on the minimum requirement for IC in European
centres based on present challenges and societal demands is
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